Introduction
For several years the author has been studying on the positional development of the dental germs i. e. the process of the topographic changes of tooth germs to each other as well as to the dental arch as a whole.
The first paper on this subject was published in 1956 dealing with the front tooth germs. In this paper it was observed that each tooth germ has a characteristic growth direction from the very beginning of its development resulting in the zigzag arrangement of the front tooth germs which can be clearly observed in the latter half of the fetal life. Then, in the third report in
1959 it was stated that in the very early stages the molar germs have also their characteristic growth pattern with conspicuous spacing between them. The author, subsequently, traced the developmental process of the molar germs in the later fetal period and found that crowding of the germs takes place as the germs grow, just in the similar way to that of the front teeth. This process will be described in details in the first and second part of the present paper. At the same time he studied the further changes in the relative topography of the front teeth, especially the vertical relationship between adjacent teeth in the latter half of the fetal life. These points are dealt with in the third part of this report.
Materials and Method
The materials studied are human embryos in the latter half of the fetal life as listed below ;
The method used is the same as in my previous papers, con-sisting in the scanning of serial sections and three-dimensional observations of reconstructions models. This time, for the purpose of fiducial markings in the blocks, a small drill (0.3-0.5 mm in diameter) was set in motion by a moter force (3,000 rotations per minute).
This method is more accurate than that employed in previous investigations.
In the models of younger stages only ectodermal structures were reconstructed, while in the calcified germs enamel and dentine together with the epithelium were taken into account so that the cardboard was cut along the borderline between the odontoblastic layer and the predentine.
In all cases the right side of the jaws was used.
The illustrations were drawn, as usual, by the author himself.
Observations
(1) Molar Germs in the Upper Jaw
In the previous paper (1959) description was made up to the stage where the germ of M1 is not yet definitely formed and a wide interdental space was still present between the germs of c, mi and m2. As described at that time, m2 is directed originally more buccalward as compared with mi. This relationship is, however, no longer distinct in the stage shown in Fig. 6 of the 1959 paper (No. 107, 8.6 cm) as the germ m2 becomes to be twisted in the clockwise direction.
Compared with m1, the proximal part of m2 is now situated more on the buccal side and closer to the oral epithelium and the distal part of mi is situated rather deeply. The mesiodistal diameter of m2 is consequently oriented from the bucco-occlusal side toward the palato-apical, and the dental papilla takes a palatomesial direction.
After the stage of No. 17 (11.0 cm), the germ M1 can be definitely carved out.
As it develops at the place corresponding to Tuber maxillae, the apical surface of Mi faces mesially. Fig. 1 shows the model of No. 135 (15.9 cm). As the molar germs have advanced in development to become considerably large, there is now hardly any space between the adjacent germs.
Compared with m1, the mesial part of m2 is situated more superficially and buccally.
In other words m2 is slightly more tilted in the clockwise direction as compared with mi. This relationship is in principle almost the same as that described for No. 107 (8.6 cm) , and that to Fig. 1. No. 135 (15. 9 cm This relationship can be easily observed on the sagittal section. Fig. 3 (Plate I), a section through c-M1, will clearly illustrate the mutual overlapping of m1, m2 and M1. The mesial part of m1, m2 and M1 are placed superficially to the distal part of the forestanding tooth germs, that is, c, m1 and m2, and all the dental papillae are directed antero-occlusally. Fig. 4 represents the model of the whole dental arch of No. 125
(26.5 cm), a specimen of 10th fetal month. As shown in Fig. 5 illustrating the same model viewed from the buccal side, the topographic relationship in the molar region is similar to that of Fig. 2 . Beside the vertical overlapping as seen in Fig. 2, 3 and 5, the overlapping in the bucco-palatinal direction is also recognized in Fig. 4 , the mesial half of m1, m2 and M1 being respectively situated on the buccal side of c, m1 and m2. Also the rotation of m2 and NI, in the clockwise direction should be noted.
On horizontal sections the crowding of molar germs is not seen so clearly as in front tooth germs. is missing in the anterior part of the germs, because the dental papillae face anteriorly as shown in Fig. 3 . The upper M1 differs from the lower M1 in that the epithelium is missing in the anterior part of the tooth germ (compare with Fig. 12 ). Due to the inclination of the tooth germs as shown in Fig. 2, 3 and 5, the horizontal section of m2, and especially that of M1 give a somewhat similar aspect to that of the frontal section.
Thus, as the development advances, the diastemata between the germs m1, m2 and M1 gradually diminish to disappear at 6th fetal month, and the rotation and overlapping of tooth germs come into sight.
(2) Molar Germs in the Lower Jaw As reported previously (1959), it is later than the stage of No. 75 (10.2 cm) that M1 is well defined on the epithelial process extending distalward from m2. But the germ of M1 is located on the junction of corpus and ramus of the mandible in such a way that its dental papilla is directed somewhat distalwards. Fig. 7 shows the model of No. 86 (11.4 cm). Here m1 and m2 are fairly large and the space -between them is relatively small. There is an enamel knot appearing in M1 and the epithelial surface facing the dental papilla is directed somewhat distalwards.
As shown in the foregoing paper (Fig. 7 in 1956 and Fig. 9 and 10 in 1959) , the same relationship was seen also in m2, the dental papilla of which is somewhat tilted as it .develops in size. It is to be noted that the tendency of this inclination of the germ m2 still remains in Fig. 7 . In the previous paper (1959) it was mentioned that at the beginning of development the occlusal surface of m, was directed more buccalwaid than m1, but at the stage of Fig. 13 in the 1959 paper this was no more the case. In this specimen, No. 107 (8.4 cm), (Fig. 13, 1949) , the proximal part of the lower m, is derailed to the buccal side just in the same way as in the upper jaw and twisted of Position of the Human Deciduous 59 Fig. 8. No. 135 (15. 9 cm) . Reconstruction model of the lower jaw, from below.
with the dental papilla facing somewhat disto-lingually. Fig. 8 represents the model of No. 135 (15.9 cm). Corresponding to the progressed development, M, is already in the cap-shaped stage. Compared with mi, the basal surface of In, is directed as a whole to the disto-lingual side and M, to the distal side. Fig. 9 shows the model of No. 140 (19.5 cm). All tooth germs are fairly large and there is hardly any diastema between the germs rn, and M, ; these are already overlapping each other in the sketch. The apical surface of m, faces downward but that of In, is directed more to the lingual side, showing no marked tendency of the distalward inclination.
The tilting of M, is, however, still conspicuous and the plane of the margin of enamel organ is directed evidently Fig. 9. No. 140 (19. 6cm) . Reconstruction model of the lower jaw, from below. distalwards and somewhat lingualwards as compared with the germ m2, the proximal part of M1 being on the buccal side of m2 and tilted anticlockwise.
It is difficult to cut through all of m1, in, and M1 with a single sagittal section, because the dental arch does not run in a exact sagittal direction. Two sections were therefore needed for demonstrating the topographical relationship of the mentioned three germs to each other.
So the reader will see in , germ m, and m2, while in B, another section passing through a little more buccal part of the jaw, m2 and M1. In A the germs m1 and m2 are scarcely overlapping each other, while B shows that M1 is situated more superficially than m2 and directed distalwards. .62
Tadahiro will be noticed that the overlapping between m, and i'n2 is not so obvious.
The mesial part of in, lies more occlusally than the level of the distal part of mi. The overlapping between in, and M, is, on the contrary, remarkable and M, is directed distally and somewhat lingually.
The mesial part of Mi is situated, as in the upper jaw, on the bucco-occlusal side of m2, so that the longitudinal axis runs from the bucco-mesial side to the disto-lingual side, that is, M, is rotated in the anticlockwise direction. It is also difficult to show m1-M1 in a single horizontal section. Here only the tip of two cusps of m, germ are seen and M, is cut in somewhat frontal direction, and the dental papilla of the latter is facing to distal side, the epithelial structure missing at the distobuccal part of the germ. This relationship is reverse to that in the upper M, (see Fig. 6 ). Fig. 13 shows the model of No. 125 (26.5 cm), a specimen at the full pregnancy term.
In order to clarify the vertical relationship of the germs, it shows a view from the buccal side. Although not so marked as in the upper jaw, the proximal part of m2 stands Fig. 13. No. 125 (26. 5 cm) . Reconstruction model of the lower jaw, from buccal side. more occlusally to m, and the germ M, is more tilted distalward than m2. The crowding of the germs is observable in the lower region, too, although it is not so conspicuous as in the upper jaw.
(3) Front tooth germs in vertical relationship
Since in the paper 1956 the development of position of the front tooth germs during the later embryonic stages was not treated in details, some additional notes should be made here.
In the very beginning of the development the germ c lies deeply in the upper and lower jaws. Therefore, when we scan horizontal sections from the basal side, the first germ we meet is that of c. However, as its growth proceeds more slowly than that of i, and i2, the c germ remains relatively small in size during the later fetal period so that its initial deep location becomes less conspicuous with the progress of development.
In the lower :aw, as shown in Fig. 11 , the germ i2 extends toward the direction of apex of the dental root. In the upper jaw, as described previously (1956), i, is directed labially and i2 palatinally (refer to Fig. 4) . Therefore, when horizontal sections are studied from the root side, i, is present in deeper 
General

Remarks and Discussions
Morphological works on the development of teeth are divided into two categories ; works on the histogenesis and that on the development of external form. Research works on the latter problem are relatively few and have been carried out only by R o s e, A hr en s, Nor ber g and M e ye r. Even these authors referred to the development of position of the tooth germs merely occasionally in their reports.
Including three previous papers of the present writer, the findings on this problem will de discussed.
I) Origin of dental germs
The dental germs are generally considered to develop as swellings of the dental lamina.
For the explanation of this process many textbooks of embryology and histology (A r e y, Max Clara and M ollen d o r f f etc.) cited the schema of Ei d m a n n where the dental lamina is illustrated as having the straight free margin. However, there is scarcely any paper informing exact knowledges about the early form of the dental lamina.
It is partly due to the difficulty in getting human foetus below 1 cm body length.
R ö s e observed the foetus of 12 mm body length and described that " bei diesem Embryo ist schon stellenweise eine Andeutung der Zahnleiste vorhanden ". R o s e's reconstruction model of the earliest stage is that of 25 mm foetus, of which he said that " Ihr freier Rand hat im Oberkiefer leichte unregelmassige wellenfOrmige Erhebungen, im Unterkiefer lassen sich schon ziemlich deutlich 10 Erhebungen und dazwischenliegende Vertiefungen abgrenzen. " The germ in, does not appear in this stage and the dental lamina of R o s e's model is of too flat-arched form, as pointed out by Pr e u s s.
The earliest stage observed by Ahrens is of 11 mm body length, and he did not describe the form of dental lamina in details.
Nor b e r g treated with 15 mm foetus and made the reconstruction model, considering a priori the free margin of dental lamina to be straight.
Meyer shows a similar schema as that of E i d m a n n to illustrate the mode of development of dental germs but he added in 1953 that " Wenn auch in Anfang das Epithel mehr in Inseln zu wachsen beginnt, ...". He also recognize, therefore, that the dental lamina has not the linear free margin in earlier stages.
As stated in my previous paper (1957), the dental germ develops directly from the oral epithelium, while the so-called dental lamina is represented by nothing but a band consisting of the developing dental germs as well as of the epithelium included into the mesoderm.
In embryo of 15 mm body_ length the epithelial ingrowth spreads along the entire length of future dental arch but their form is not simple.
The next problem as to the location of the dental anlages is to be answered as follows : For the upper jaw they exist before the formation of primary palate both in the globular and maxillary processes, while for the lower jaw in the mandibular process. It is very interesting that T o n g e found the anlage of upper i1 in the globular process of 7 mm foetus.
2) Spacing
From the stage of formation of dental germs up to the middle of the fetal life, spacing between germs prevails in the dental arch, as the germs do not grow so rapidly in this period.
In the lower jaw as indicated by Me y e r, the interspace is smallest between i2 and c. But later the relationship is changed and diastema becomes greater in the order of i1-i2, irc and c-m1.
In the upper jaw the median space between the right and left is wide but it becoms narrower as the face prolongs antero-inferiorly, that is, the nasal septum becomes thinner.
Meyer expressed this process by saying that the upper dental lamina is interrupted on the midline.
The diastema is larger in the order of and c-m,.
The greatness of interspace between c-m, in the lower and between in the upper jaw brings to mind " primates diastema ".
3) Growth direction and Tilting
As regards the lower incisor germs R ö s e, Nor b e r g and Meyer described that they are directed horizontally to the lingual side in bud stage.
But the later development is not treated. As described in 1956 and 1959 the epithelial ingrowth as well as the basal opening of the dental papilla is different among each germ. Furthermore, i2, m2 and M, become tilted during the formation of dental crown.
This point needs not be repeated, as it is described in details in this paper.
4) Crowding
In the latter half of the fetal life where the growth of germs is remarkable, the crowding occurs in the dental arch. Especially that of the front tooth germs is easily visible in horizontal sections as well as in radiographs.
Schwarz, Cadena t, Wasserf a I-I e n, Arai and Aoki observed this phenomenon. But scalelike overlapping in the molar region is noticed by nobody but W a sserfallen.
The crowding is considered to be due to lack of space and W a s s s e r f a 11 e n explained the pattern of crowding mechanically i, grows while m, pushes the germ c forwards so that i, and c occupies the labial side and i2, having no space to go, is derailed to the lingual side. S c h war z, contrary to this mechanical theory, thought that the pattern of crowding in front tooth germs should be destinated by inherent tendency.
As repeated already, the author is for S char w z's opinion, since he confirmed that the difference in growth direction and tilting mentioned in 3) decides the mode of crowding.
Resume
In the present paper, as a continuation of the three previous reports, the development of position of the deciduous molar germs in the latter half of the embryonic life was observed and described. The findings obtained by means of three-dimensional study of reconstruction models as well as by scanning of the serial sections can be summarized as follows : 1. At the beginning of development, the germ c is situated in the deep part of the jaws.
But, as c grows in size more slowly than the incisor germs, it is i2 in the lower jaw and i1 in the upper jaw that is located in the deepest part of jaws in the later fetal period.
2. In the latter half of the fetal life the crowding of the germs appears also in the molar region, being more marked in the upper than in the lower jaw. 3. The crowding consists in a scale-like arrangement of the germs as illustrated in Fig. 2 , 3, 4 and 5, a condition quite different from that of front teeth which are crowded in zigzag arrangement in the horizontal plane.
4. In the lower jaw the degree of crowding between m1 and m2 is slight, and remarkable between m, and M1, while in the upper jaw it is pronounced.
The crowding of the tooth germs, regardless whether front teeth or molar germs are considered, is caused not by the pressure of the germs against each other but through the initial rotation and inclination of the germs. These rotation and inclination can be observed already in the stage where interdental spaces are still present between the adjacent tooth germs (Fig. 6 in  1959 and Fig. 1 1957, 198-210. , On the Development of Position of the Tooth Germs in the Human Deciduous Molar Teeth. Folia anat. jap., Bd. 32, 1959, 98-108 . O r b a n, B., Dental Histology and Embryology.
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